Abstract-Mutation breeding has been used for improving oligogenic and polygenic characters, disease resis tance and quantitative characters including yielding ability. The cytological stability of maize inbred lines is an important consideration in view of their extensive use in genetics and plant breeding research. Investiga tion in Zea mays L. confirms that the migration of chromosomes is a real event that cannot be misunderstood as an artifact produced by fixation or mechanical injuries. During present investigation, we found that out of six inbred lines of Zea mays L. viz. CM 135, CM 136, CM 137, CM 138, CM 142 and CM 213 at various treatment doses of gamma irradiations viz. 200, 400 and 600 Gy, some of the plants of inbred line CM 138 at 200 Gy dose displayed characteristic cytoplasmic connections during all the stages of meiosis. Four plants from this treatment set were found to be engaged in a rare phenomenon reported as "Cytomixis". It elucidates that in inbred of Zea mays L., induced cytomixis through gamma rays treatment may be considered to be a possible source of production of aneuploid and polyploid gametes. This phenomenon may have several appli cations in Zea mays L. improvement in the sense of diversity and ever yield potential.
INTRODUCTION
Mutation breeding has been used for improving oligogenic and polygenic characters, disease resis tance and quantitative characters including yielding ability. Mutagenesis may induce desirable mutant alle les, which may not be previously present in the germ plasm. Mutation breeding relieves the complete dependence of breeders on the natural germplasm, but it should be remembered that mutation breeding could not minimize the necessity of germplasm collections; it only serves as a useful supplement to the available germplasm [1, 2] .
Meiosis is highly coherent and genetically pro grammed process and comprises pairing of homologous chromosomes, crossing over, and the reduction in chro mosome number, the requirement of two cell divisions and the lack of S period between the two divisions [3] . Like any other biological process, all the sequential steps involved in meiosis are controlled by a large array of genes [4, 5] . Mutation in any of these genes that gov ern micro or mega sporogenesis from pre meiotic to post meiotic events can lead to serious anomalies in the whole process resulting in the genetically aberrant end products having adverse impact on fertility and overall reproductive efficiency of the species.
The phenomenon of cytomixis is characterized by the migration of chromatin/chromosomes between the proximate meiocytes through cytoplasmic chan 1 The article is published in the original. nels or intercellular bridges. Though an infrequent cytological phenomenon, it has been reported to occur in large array of plants [6, 7] . Pollen mother cells (PMCs) deriving from the process of cytomixis can have a variable chromosome number as a consequence of the manner in which the process takes place. Meio cytes may be involved in one or more cytomictic events, and the migration of the nuclear content may involve all the chromosomes or part of the chromo somes of the donor cell. As it can be expected that a greater part of the gametes deriving from such PMCs will be aneuploid or polyploid, some authors have considered cytomixis as a mechanism of evolutionary importance for plants [8, 9] . For others, it represents just an unfavourable phenomenon with deleterious effects on fertility [10] . Until now cytomixis has been investigated in numerous species [11] [12] [13] including some grass species [14] .
The present investigation describes the meiotic study of gamma irradiated diploid plants of Zea mays L. (n = 20) inbred showing high degree of cytomixis dur ing microsporogenesis. The purpose of this study is to elucidate whether the passage of nuclear material between meiocytes constitutes an effective mechanism for the formation of 2n pollen or if it is only an abnor mal phenomenon, which leads to meiocytes with altered chromosomal content and does not generate significant modifications of the chromosome number. For meiotic studies, three replicates were main tained for each dose of treatment simultaneously, suit able control sets were maintained in distilled water and then they were sown under natural conditions to raise M 1 generation. At the time of flowering, young flower buds from 15 to 20 randomly selected plants from each treatment dose as well as control were fixed in freshly prepared solution of 1 : 3 acetic acid : absolute alco hols for 24 h and preserved in 70% alcohol at 4°C. Slides were prepared using anther squash technique with 2% acetocarmine. More than 500 dividing PMCs from each treated plant, as well as control populations, were studied and analysed. Pollen grains were also stained with 2% acetocarmine to study pollen fertility. Photographs were taken from freshly prepared slides using a Nikon research photomicroscope.
RESULTS
The experimental results presented in table, revealed that four plants from 200 Gy treatment were showing cytomictic connections between two or more PMCs. Cytomixis was altogether absent in the control plants. It was also interesting to note that out of the six inbred lines of Zea mays L. only inbred CM 138 dis played cytoplasmic connections (Figs. 1-8 ). Two types of connections between PMCs were observed, viz. Cytoplasmic channels and direct fusion. Cyto mixis through cytoplasmic channels was frequent among PMCs (Figs. 1, 7, 8, 9 ). The direct fusion of PMCs was observed at various stages of cell division (Figs. 2, 3, 10) cytomixis through this method was greater during the first part of meiotic division (table) . Partial or total migration of chromosomes (Figs. 5, 6 ) or chromatin material in one or several directions to the neighbour ing cells was also noticed resulting into increased or decreased chromosome number in PMCs. Cytoplas mic connections connecting two or three or more PMCs were also commonly observed with no evident chromosome transfer. Cytomictic connections between more than two PMCs were also encountered but in very low frequency (Figs. 7, 8 ). Some PMCs were found to have a cytoplasmic channel with one PMC and direct fusion with another. In most instances the cytomixis was observed between the PMCs in same division stages, but it was also noticed between PMCs of different stages (Fig. 2) . Cytomixis through both of the methods was more frequent at var ious stages of meiosis I as compared to meiosis II (table) . Some other chromosomal abnormalities like stickiness, laggards, chromatin bridges, fragments etc, were also observed in the cytomictic plants (table) . Along with normal tetrads, five, six or more daughter nuclei were also visible at telophase II resulting in polyads in affected plants.
DISCUSSION
Cytomixis and spontaneous fusion of pollen mother cells have been reported in number of angiosperm species [15] [16] [17] . The phenomenon of cytomixis was firstly described by Koernicke [18] in PMCs of Crocus vernus and by Miehe [19] in the epi dermal layers of various monocotyledons plants. It has also been observed in Pilocarpus pennatifolium [20] , Plantago [11] , Cicer [12] , Centella asiatica [21] , Bras sica napus and Brassica campestris [22] , Zea mays [23] , Glycine max [16] , Gossypium hirsutum [2] , Medicago sativa [7] . Pollen grains derived after the process of cytomixis can have a variable chromosome number as a consequence of the manner in which the process takes place. Meiocytes may be involved in one or more cytomictic events and the migration of the nuclear content may involve all the chromosomes or part of the chromosome of the donor cell. It can be expected that microspores produced from such pollen mother cells will be aneuploid or polyploid.
Some authors have considered cytomixis as a mechanism of evolutionary importance for plants [8, 9] . Investigation in Zea mays L. confirms that the migration of chromosomes is a real event that cannot be misunderstood as an artifact produced by fixation or mechanical injuries.
During the present investigation a number of cases of chromosome transfer were observed at 200 Gy dose of gamma irradiation in inbred line CM 138. Although cytomixis has been reported in several plant species, its origin is not clear. Among the factors pro posed to cause cytomixis are: (1) The influence of genes [24] , (2) Abnormal formation of the cell wall during premeiotic divisions [25] , (3) Action of chemi cal agents [11] [12] [13] , (4) Changes in the biochemical process that involves microsporogenesis modifying the microenvironment of affected anthers [14] , (5) The effect of gamma irradiation resulting in an unbalanced and sterile genetic system [2, 26] , (6) The presence of male sterile gene and its frequency altered by environ mental factors [27] , environmental stress and pollu Kamra [25] working on PMCs of Hordeum believed that no amount of defecting squashing or application of pressure could produce such small protrusions so close to another, or to form PMCs with extra frag ments or increase the number of bivalents in them spe cially at metaphase. During present investigation, the comparative analysis of control and treated sets regarding cytomixis clearly indicates that the cause of cytomixis might be abnormal genetic behaviour due to treatment with gamma rays. This study revealed that all the stages of meiosis were equally susceptible to cytomixis, contrary to the general belief that early stages are more favourable [34] . It has also been found that cytomixis was responsible for the sterility because of the fact that, firstly, the number of pollens would be considerably reduced due to degeneration of cells with no or very little genetic material and secondly, most of the cells completing all the meiotic stages, would be genetically imbalanced because of less or more num ber than the normal ones.
In the inbred line, CM 138 at 200 Gy dose of gamma rays, a very peculiar abnormality was detected. Four plants from this treatment set were found to be engaged in a rare phenomenon reported as "Cyto mixis" in many references. In these plants, character istic cytoplasmic connections were frequent during all stages of meiosis. Although cytoplasmic connections were frequent but true chromosome transfer was rarely observed among the PMCs. However, the detection of PMCs with additional chromosomes or PMCs with reduced number of chromosome provided an evidence of chromosomal transfer through cytomixis.
Conclusively, the present investigation clearly elu cidates that in the inbred CM 138 of Zea mays L., induced cytomixis through gamma ray treatment may be considered to be a possible source of production of aneuploid and polyploid gametes. Such aneuploid and polyploid gametes can be used in maize breeding pro grammes to create genetic variability through altered chromosome numbers. Thus, this phenomenon may have potential applications in Zea mays L. improve ment in the sense of diversity and ever yield potential.
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